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This report presents two cases of arteriovenous malformation of
the ﬁnger and toe. In case 1, a diffuse arteriovenous malformation
of the second toe was resected completely. As a result of radical
resection, blood circulation to the second toe was ablated. To
preserve the second toe, vein grafting from the forearm region was
performed using a microsurgical technique. Using this procedure,
complete preservation of the second toe was performed. In case 2,
a diffuse arteriovenous malformation of the middle ﬁnger was
resected completely and successful reconstruction was performed
using a sensate free radial forearm ﬂap transfer. One year after the
operation, there has been no recurrence of the disease, and the
functional result was acceptable. Radical excision for the arterio-
venous malformation was recommended to avoid the recurrence
of the disease. We believe that the microsurgical technique,
including free ﬂap transfer and vein grafting, enables radical
excision and decreases postoperative morbidity.
© 2015 The Authors. Published by Elsevier Ltd on behalf of British
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is an open access article under the CC BY-NC-ND license (http://
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Arteriovenous malformations of the ﬁngers and toes are one of the most challenging problems for
reconstructive surgeons. Although they are benign diseases, radical excision for an arteriovenous
malformation is important to avoid recurrence of this disease, and surgical treatmentmay be necessary
to control the disease.1 Therefore, amputation is sometimes unavoidable if the arteriovenous malfor-
mation of the ﬁngers or toes invaded diffusely. In this report, two cases of arteriovenous malformation
of the ﬁnger and toewere presented. Radical excision followed by reconstructive procedures using vein
grafting and free ﬂap transfer using the microsurgical technique was performed. Using these pro-
cedures, the disease was resected completely, the affected ﬁnger and toe was preserved and functional
reconstruction was achieved in both patients.Case 1
In 2011, a 38-year-old female presented to our clinic with an arteriovenous malformation in her
right second toe (Figure 1a). Three years previously, the patient suffered a press injury after dropping a
heavy rock on her right foot. One year after the injury, the patient had pain in her left foot. Doppler
ultrasonography revealed an arteriovenous malformation in her right toe. The MRI study revealed an
arteriovenous malformation in the subcutaneous region and the bone and tendon tissue were intact
(Figure 1b). Angiography showed that the arteriovenous malformation occurred from the right dorsal
arteries (Figure 1c,d).Figure 1. a: The patient presented to our clinic with an arteriovenous malformation in her right foot. b: The T1-weighted image on
MRI revealed an arteriovenous malformation in the subcutaneous layer and the bone and tendon tissues were intact. c: CT angi-
ography showed the arteriovenous malformation occurred from the dorsal artery. d: Angiography showed the same result of CT
angiography. It affected the digital artery of the second toe.
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the second toe and the common digital artery to the second toe were resected completely (Figure 2a).
Intraoperative angiography revealed the complete removal of the nidus and the complete loss of blood
circulation of the second toe (Figure 2b). A reconstructive procedure was performed followed by
excision. A Y-shaped cutaneous veinwas harvested from the patient's forearm. Then, the veinwas used
for vein grafting and anastomosed between the proximal stump of her digital arteries and the distal
stump of her dorsal artery (Figure 2c). Thereafter, a full thickness skin graft from the groin region was
performed 3 weeks following the ﬁrst operation. Three years after the operation, the patient has not
exhibited any signs of recurrences (Figure 2d). Furthermore, she did not experience any pain on her
second toe following the operation. The patient was satisﬁed with the results.Case 2
In 2013, a 71-year-old male presented to our Emergency Room with uncontrollable bleeding from
his right middle ﬁnger. Conservative treatment with compression was performed at that time. How-
ever, 1 month later, the patient returned to our Emergency Roomwith the same symptoms (Figure 3a).
The MRI study revealed an arteriovenous malformation on his middle ﬁnger which affected the skin
and subcutaneous fat layer. The bone and tendon tissues were intact (Figure 3b). Angiography showed
that the arteriovenous malformation occurred from common digital arteries of the middle ﬁnger
(Figure 3c,d).Figure 2. a: The arteriovenous malformation was resected completely. b: Intraoperative angiography; as a result of the radical
excision, the blood circulation of the second toe was completely ablated. c: Vein grafting from her forearm was performed to
reconstruct the circulation to the second toe. d: The reconstruction was successful. The disease has not recurred for more than three
years following the operation.
Figure 3. a: The patient presented to our clinic with repeated bleeding from his right middle ﬁnger. A skin ulcer was observed in his
ﬁnger tip. b: On MRI, the T1-weighted image showed the disease existed in the subcutaneous region. The bone and tendon were
intact. c: CT angiography showed an arteriovenous malformation in the common digital arteries of the middle ﬁnger. d: Angiography
showed diffuse disease in his right middle ﬁnger.
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middle ﬁnger was completely removed (Figure 4aec). Intraoperative angiography revealed the com-
plete removal of the nidus and the complete loss of blood circulation of the middle ﬁnger (Figure 4d).
The reconstructive procedure was performed followed by excision. A sensate radial forearm ﬂap was
elevated from the contralateral side by including the medial and lateral antebrachial cutaneous nerves
(Figure 5a). The ﬂap was transferred to the defect. The remaining bone and tendonwere wrapped with
the ﬂap (Figure 5b). Arterial anastomosis was performed using the radial artery at the snuff box in end-
to-side fashion. Venous anastomosis was performed to the cephalic vein in end-to-side fashion
(Figure 5c). The cutaneous nerves in the ﬂap were sutured with the distal end of the common digital
nerves with 10-0 nylon (Figure 5d). One year after the operation, there are no signs of recurrence
(Figure 6a,b). The patient almost had a full range of motion of his middle ﬁnger and the esthetic result
was acceptable (Figure 6c,d). The SWT showed the sensory recovery of the ﬂap of approximately 3.61
one year after the operation. The patient was satisﬁed with the results.Discussion
Arteriovenous malformations are present at birth and grow proportionately during childhood or
adolescence.3 Rapid growth has been observed following local trauma, ligation, incomplete excision,
pregnancy or hormonal modulations.1 According to our series, the ﬁrst onset of the disease may
correlate with the history of trauma.
Figure 4. a: As a result of radical excision, the skin and subcutaneous tissue of the middle ﬁnger was resected completely. The bone
and tendon were preserved. b, c: The skin and subcutaneous tissue were resected, including the nail tissues. d: Intraoperative
angiography showed the complete loss of blood circulation of the middle ﬁnger.
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problems for reconstructive surgeons. The well-localized form may be eradicated by an en-bloc
resection, however, complete resection of a diffuse malformation of the hand with a high hemody-
namic activity is difﬁcult. In particular, diffuse malformations offer a dire prognosis.4 Hill et al reviewed
15 cases of congenital vascular malformations of the upper limb and classiﬁed the malformations into
local and diffuse types according to the degree of tissue involvement.4 Recurrence was encountered in
71% of the diffuse type lesions.4 Upton et al reported 270 cases with vascular malformations of the
upper limb over a period of 28 years and classiﬁed 33 cases which had fast-ﬂow arterial malformationsFigure 5. a: The radial forearm ﬂap was elevated including the lateral and medial antebrachii cutaneous nerves. b: The ﬂap was
transferred to the defect. c: The ﬂap vessels were anastomosed at the snuff box area. d: Sensory reconstruction was performed. The
cutaneous nerves of the ﬂap were sutured to the digital nerves with an end-to-end suture.
Figure 6. a, b: The ﬂap was survived completely. c, d: The patient could achieve almost a full range of motion in his right middle
ﬁnger.
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displayed diffuse arteriovenous anomalies involving all tissues.5 Nine of 10 patients with type C lesions
required amputation after multiple operations.5
In our cases, the ﬁnger and toe were involved, however, the bone and tendon remained intact.
Therefore, the ﬁnger and toe could be preserved with revascularization with a vein graft and free ﬂap
transfer. If the disease involves the bone and muscle, amputation of the ﬁnger or toe is unavoidable.2,5
In 2001, Shinohara et al reported the arteriovenous malformation of the thumb which involved the
thumb extensively.2 In this article, the thumb was amputated and pollicization of the index ﬁnger was
performed for functional reconstruction.2 If the disease does not invade to the bone and muscle,
preservation of the affected ﬁnger or toe using a ﬂap transfer or vein grafting after radical excision
should be attempted.
In case 1, the disease involved only the dorsal skin and did not involve the bone, tendon or toe.
However, after radical excision, the circulation to the toe was ablated. Therefore, the toe was preserved
with vein grafting.
In case 2, reconstructive procedures including a pedicled ﬂap, such as a groin ﬂap or free ﬂap, were
considered. A pedicled ﬂap is in reality too thick for ﬁnger reconstruction, requires more than two
operations and can lead to a delay in rehabilitation. Therefore, a free ﬂap transferwas considered. A free
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functional reconstructive procedure.6 There are several reasons for them: 1) to provide the glabrous
skin for the ﬁngers, 2) to provide a sensate ﬂap, 3) to preserve the length and range of motion, and 4) to
maintain the appearance of the ﬁnger. Koshima et al reported their clinical result of the arteriovenous
malformation and showed that there was no recurrence after radical excision followed by a free or
pedicled ﬂap.7 In 2002, Lu et al reported successful reconstruction using a freewrap-around ﬂap for the
arteriovenous malformation of thumb and hand.6 In case 2, the patient did not desire the free wrap-
round ﬂap because the patient did not desire a severe scar on his great toe. Therefore, a free sensate
radial forearm ﬂap, including the antebrachii cutaneous nerve, was considered. This procedure pro-
vides a thin skin suitable for ﬁnger reconstruction, sensory reconstruction, the full length of the ﬁnger
and full range of motion. From our experience, the sensate free radial forearm ﬂap is a good alternative
for ﬁnger reconstruction after radical excision of the arteriovenous malformation.
The microsurgical technique can lead to the preservation of the affected ﬁnger after radical excision
of an arteriovenous malformation of the ﬁnger or toe. We believe that this technique enables us to
perform radical excision, which is essential for the effective surgical treatment of arteriovenous
malformations.
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